Background. An effect of diet in determining blood pressure is suggested by epidemiological studies, but the role of specific nutrients is still unsettled.
sectional studies, and supplementation trials have yielded conflicting results.2425 Evidence that calcium,26 magnesium,27 and fiber28,29 reduce blood pressure is also inconclusive.
With few exceptions,28,30"3' epidemiological studies of diet and blood pressure have been cross-sectional rather See p 1651 than prospective. Also, most studies have used a 24hour recall to measure diet, which, because of large within-person variation, is generally a poor reflection of an individual's usual intake. 32 Furthermore, some of these studies may have included hypertensive subjects who changed their diet because of the diagnosis. In 1986, information on dietary intake over the preceding year and current usual blood pressure level was collected from a large cohort of US men. In the present analysis, we examined nutrient intakes in relation to blood pressure level at baseline and to changes in reported blood pressure and the diagnosis of hypertension during 4 years of follow-up. Methods 
Health Professionals Follow-up Study
The Health Professionals Follow-up Study is a prospective investigation of dietary etiologies of heart disease and cancer among 51,529 health professionals years old. 33 The study began in 1986 when cohort members completed a detailed food-frequency questionnaire and provided information about medical history, heart disease risk factors, and dietary changes during the past 10 years. Follow-up questionnaires were sent in 1987, 1988, and 1990 . We excluded from analysis 1,533 men who did not satisfy the a priori criteria of daily caloric intake between 800 and 4,200 kilocalories and fewer than 70 blanks out of 131 total listed food items; 95% of the men included in the study had fewer than 15 blank food items. In addition, we excluded men who reported on the 1986 questionnaire a diagnosis of cancer (except nonmelanoma skin cancer) (n=2,002), myocardial infarction (n=2,226), angina (n=2,077), stroke (n=405), coronary artery surgery (n= 1,801), hypertension (n = 11,206), diabetes (n = 1,608), renal failure (n=72), high blood cholesterol (n=6,362), or use of digoxin (n=1,040), nitrates (n=767), diuretics (n=4,847), (3-blockers (n=4,912) , calcium antagonists (n = 1,146), or other antihypertensive drugs (n= 1,663).
Men who reported high blood cholesterol were excluded because their baseline diet may not be representative of their long-term intakes. One or more of the above conditions were met by 19,315 participants, leaving 30,681 eligible men who were followed for hypertension incidence in the subsequent 4 years. The 1988 follow-up questionnaire was returned by 29, 306 (95.5%) of that sample and the 1990 follow-up questionnaire by 27, 698 (90.3%) as of the time of this analysis.
Measurement of Dietary Intake and Other Exposure Variables
The semiquantitative food-frequency questionnaire contained 131 items plus vitamin supplements. A description of the questionnaire and of the procedures for calculation of nutrient intakes has been published previously.33 Nutrient intake was calculated for total energy, calcium, magnesium, potassium, dietary fiber, total fat, saturated fat, polyunsaturated fat, transunsaturated fatty acids, sodium, and alcohol. Calculation of sodium intake included amount of salt added during cooking of staple food (rice, pasta, potatoes, etc.), soup, vegetables, and meat and number of shakes of salt added to food at the table each day. Data on the reproducibility and validity of the food frequency questionnaire have been published elsewhere34; compared with 2 weeks of dietary records provided by a subsample of 127 men and after adjustment for total caloric intake, correlations were calcium 0.53, magnesium 0.66, potassium 0.65, fiber 0.64, total fat 0.61, saturated fat 0.71, sodium 0.49, and polyunsaturated fat 0.29. The correlation between the food frequency questionnaire assessment of dietary polyunsaturated fatty acids and adipose polyunsaturated fatty acids (r=0.43) suggests that this nutrient was also relatively well measured. 35 The unadjusted correlation coefficient for alcohol intake was 0.92.36 Correlation coefficients between reported and measured variables were 0.97 for weight and 0.69 for waist-to-hip ratio. 37 Blood Pressure and Diagnosis of Hypertension In 1986, participants were asked to report their usual systolic and diastolic blood pressure within seven categories: <75, 75-84, 85-89, 90-94, 95-104, >105 mm Hg for diastolic and <120, 120-139, 140-149, 150-159, 160-169, > 170 mm Hg for systolic. On subsequent biennial questionnaires, we inquired whether subjects had been diagnosed as having high blood pressure during the previous 2 years and, if so, the year of the diagnosis. In the 1990 questionnaire, we asked again for the current usual blood pressure (diastolic: <65, 65-74, 75-84, 85-89, 90-94, 95-104, >105 mm Hg; systolic: <105, 105-114, 115-124, 125-134, 135-144, 145-154, 155-164, 165-174, > 175 mm Hg). To assess the validity of self-reported diagnosis of hypertension, we contacted a random sample of 100 participants reporting a diagnosis of hypertension on the 1988 questionnaire to obtain confirmation of the diagnosis and permission for review of their medical records. We obtained-95 responses; 77 men (81%) confirmed having had a physician diagnosis of hypertension. Records were obtained for 39 subjects. All had a diagnosis of high blood pressure recorded in the medical history or were receiving antihypertensive treatment. To investigate the likelihood of false-negative responses, blood pressure was measured in 1987 in a sample of 139 health professionals living in the greater Boston area. Among the 114 men without a previous self report of high blood pressure, only two had a blood pressure level >165/95. Spearman correlation coefficients between selfreported blood pressure values in 1986 and blood pressure measured 4-13 months later were 0.50 for systolic and 0.32 for diastolic. The correlation for systolic blood pressure is similar to that for two measurements of blood pressure over this time period. To further assess the validity of self-reported blood pressure, we calculated the relative risk of subsequent incidence of stroke according to blood pressure levels reported on the baseline questionnaire. After adjustment for age and smoking, men who reported a baseline systolic blood pressure of 120-139 mm Hg had a relative risk of 2.2, and men who reported a baseline systolic blood pressure of 140-149 mm Hg had a relative risk of 3.7 compared with those with baseline systolic blood pressure <120 mm Hg. Men who reported a baseline diastolic blood pressure of 75-84 mm Hg had a relative risk of 2.0, and men who reported a baseline diastolic of 85-89 mm Hg had a relative risk of 4.2 compared with those with baseline diastolic <75 mm Hg.
Data Analysis
Exposure status was defined by responses to the 1986 questionnaire for all variables except height and waist and hip circumference, which were reported in 1987. Quetelet's index was calculated as weight (in kilograms) divided by the square of height (in meters). Nutrients were adjusted for total caloric intake as described elsewhere,38 by regressing the nutrient intake on total energy intake. For each calorie-adjusted nutrient, we specified five levels of intake. Cut points were chosen a priori to obtain equally spaced categories, each containing a reasonable number of subjects.
Analyses of hypertension risk were based on 4-year cumulative incidence rates. Relative risks of hypertension with 95% confidence intervals were calculated by comparing each category of intake with the highest category. Linear trends in risks over successive categories were evaluated by entering into the models the median values of each category of exposure. Multiple logistic regression analysis with categorical variables was used to control for confounding. Baseline systolic and diastolic blood pressures were not included as independent variables in primary analyses, because they can be considered as intermediate variables and their inclusion would cause an underestimation of the associations between nutrient intakes and risk of hypertension. Relative risks were also calculated within strata of age, Quetelet's index, and alcohol intake.
We examined the associations between nutrient intakes in 1986 and blood pressure reported in 1986 (baseline) and in 1990. We also assessed the associations of dietary factors with blood pressure change from 1986 to 1990 by using the 1990 pressure as the dependent variable and 1986 blood pressure as a covariate. Incident cases of hypertension were excluded. Because the elimination of men who developed hypertension may cause an underestimation of the effect of diet on blood pressure, however, we also repeated the analyses after assigning to men who developed hypertension a systolic blood pressure of 150 mm Hg and a diastolic blood pressure of 92.5 mm Hg. These values correspond approximately to the 95th percentile of blood pressure distribution in the cohort. Results of these repeated analyses were not materially different from those with cases of hypertension excluded and therefore, have not been included in this report. To control for confounding, models included age, Quetelet's index, and alcohol consumption; a quadratic term for age was included to account for the nonlinearity of the age-blood pressure association. Nutrients were added to the models as continuous variables to test for a linear trend between nutrient intakes and blood pressure. Analyses with indicator variables corresponding to categories of intake were also performed to assess the shape of the nutrientblood pressure relations and to examine the associations of nutrient intakes with blood pressure within categories of other variables.
Finally, we examined the associations between intakes of several food groups and blood pressure. Foods were grouped as follows: sweets, meats, fish, cereals, fruit, vegetables, high-fat dairy, and low-fat dairy (see "Appendix"). The above combinations of foods were also used to define fiber intakes from specific food groups.
Results
During the four years of follow-up, 1,248 cases of hypertension were diagnosed. The 4-year cumulative incidence of hypertension rose from 2.8% for men 40-44 years old to 5.8% for men 70-75 years old ( Figure 1 ). Baseline mean systolic blood pressure was 125.5 mm Hg at age 40-44 and 133.7 mm Hg at age 70-75, whereas diastolic blood pressure changed little: 79.3 mm Hg at age 40-44, 80.4 at age 60-64, and 79.7 at age 70-75. The Pearson correlation coefficient between baseline systolic and diastolic blood pressures was 0.48. Quetelet's index was strongly associated with an increasing risk of hypertension, and alcohol consumption was associated with risk of hypertension at intakes >30 g/day ( Figure 2 ). Therefore, we controlled for age, Quetelet's index, and alcohol consumption in all further analyses; the model containing these variables will subsequently be referred to as the basic logistic model. Significant inverse adjusted associations were seen for intakes of magnesium, potassium, and fiber; no association was found for calcium (Table 1) . Also, no significant associations were found for intake of sodium and of saturated, polyunsaturated, and transunsaturated fat. Waist-to-hip circumference ratio, Afro-American ancestry, and smoking were associated with higher risk of hypertension and physical activity with lower risk of A -Relatihe rbak, 9g% conwidence Interval Significant inverse associations of magnesium, potassium, and fiber with risk of hypertension were found also in analyses restricted to the 17,640 men who reported having had a physical examination between 1988 and 1990 (data not shown). As expected, baseline systolic and diastolic blood pressures were strongly associated with risk of subsequent diagnosis of hypertension. Among nutrient intakes, only fiber remained significantly associated with risk of hypertension when baseline diastolic and systolic blood pressures were added to the basic model (relative risk, 1.36; 95% confidence interval, 1.04-1.78).
We further explored the associations of magnesium, potassium, and fiber with risk of hypertension by adding them to the basic logistic model two at a time. When fiber was in the model, the associations of potassium and magnesium with hypertension were weakened (relative risk for lowest versus highest category of intake, 1.30 and 1.22; tests for trend, p=0.20 and p=0.17, respectively), whereas the association of fiber with hypertension was only slightly reduced (relative risk, 1.49 with either potassium or magnesium in the model; test for trend,p=0.006). When included simultaneously, potassium and magnesium both had weak and nonsignificant associations with hypertension (relative risks, 1.32 and 1.28; tests for trend, p=0.08 and p=0.14, respectively). When magnesium, potassium, and fiber were added simultaneously to the basic logistic model, only dietary fiber remained independently associated with risk of hypertension ( Table 1) .
The inverse associations between nutrient intakes and hypertension were stronger in men <50 years old. Calcium was inversely associated with hypertension in men with low relative weight ( Table 2 ). The inverse association between calcium intake and hypertension in men with low relative body weight remained after adjustment simultaneously for magnesium, potassium, and fiber intake (relative risk for lowest versus highest category of intake, 3.60; 95% confidence interval, 1.75-7.38).
In general, the associations of nutrients with systolic or diastolic blood pressures at baseline were similar to the associations with the diagnosis of hypertension. Sodium intake, when added as a continuous variable to multiple linear regression models, was not significantly associated with systolic blood pressure (regression coefficient, b= -0.08 mm Hg/g, p=0.11) and was inversely associated with diastolic blood pressure (b=-0.09 tp<0.05, tp<0.01, §p<0.001.
mm Hg/g, p=0.007). Adjustment for magnesium intake weakened the inverse association between sodium intake and diastolic blood pressure (b= -0.06 mm Hg/g, p=0.09). After adjustment for age, Quetelet's index, and alcohol consumption, systolic blood pressure among men in the top 5% of sodium intake was 0.27 mm Hg lower (95% confidence interval, -0.98, 0.44) than that of men in the bottom 5% of sodium intake. The comparable difference for diastolic blood pressure was -0.70 mm Hg (95% confidence interval: -1.19, -0.21). Mean intake of sodium was 6.42 g/day among men in the top 5% and 1.56 g/day among men in the bottom 5% of sodium intake. Calcium, magnesium, potassium, and fiber were each significantly inversely associated with systolic and diastolic blood pressures (Tables 3 and 4 ). When the four nutrients were added simultaneously, fiber and magnesium retained significant associations with both systolic and diastolic blood pressure, and potassium retained a significant association with diastolic blood pressure reported in 1986. Fiber, magnesium, and potassium were also significantly inversely associated with change in diastolic blood pressure from 1986 to 1990. When the four nutrients were considered together, dietary fiber remained a significant independent predictor of change in systolic but not diastolic blood pressure.
Categorical analyses of baseline nutrient intake and blood pressure (Table 5 ) confirmed the analyses using blood pressure as a continuous variable. In the lowest versus the highest categories of intake, blood pressures were 1 mm Hg higher for calcium and 1.5-2.0 mm Hg higher for magnesium, potassium, and fiber ( Table 5 ). For calcium, most of the increase in blood pressure occurred at intakes <0.5 g/day. When the four nutrients were included at the same time, only magnesium and fiber were significantly associated with blood pressure (Table 6) .
When fibers from different foods were added one at a time to the basic logistic model, only fiber from fruit had a significant inverse association with risk of hypertension (relative risk, 1.27; 95% confidence interval, 1.04-1.54, comparing bottom versus top quintile of intake). This association remained after adjustment for fiber from other sources (relative risk, 1.23; 95% confidence interval, 1.01-1.52). Fiber from vegetables, cereals, and fruits had similar significant inverse associations with baseline diastolic blood pressure, but only fruit fiber and, less strongly, vegetable fiber were inversely associated with systolic blood pressure.
In analyses of food groups, only fruit had a significant relation with risk of hypertension (relative risk for lowest versus highest quintile of intake, 1.20; 95% confidence interval, 1.01-1.45) and with baseline sys- tolic blood pressure. None of the food groups was systolic blood pressure, and strawberry intake was insignificantly associated with diastolic blood pressure.
versely associated with baseline diastolic blood pressure. When added to the basic models one at a time, individual fruit items had weak or no association with Discussion blood pressure. Intakes of strawberries, bluebemres, and Within this large cohort of men, we observed inverse peaches were each inversely associated with baseline associations for dietary fiber, potassium, and magne- sium with the incidence of hypertension and with reported blood pressure. These associations remained after adjustment for age, relative weight, alcohol consumption, waist-to-hip ratio, physical activity, and smoking. Adjustment for fiber intake eliminated the observed inverse associations of dietary potassium and magnesium with risk of hypertension; however, magnesium maintained a significant inverse association with systolic and diastolic blood pressures in cross-sectional analyses. Calcium intake had a strong independent in-verse association with risk of hypertension in men with low relative weight. No associations were observed for intakes of saturated fat, polyunsaturated fat, and sodium. In this study, we used self-reported blood pressure and diagnoses of hypertension. Although a direct measurement is more objective, a single blood pressure reading may be misleading because of the large withinperson variability in measurements over time.39 In multiple linear regression models with blood pressure as the dependent variable, random error in reporting of blood pressure would increase the standard error of the estimated regression coefficients for dietary intakes, age, Quetelet's index, and alcohol consumption but would not bias their point estimates. In assessing the associations of diet with changes in blood pressure between 1986 and 1990, however, regression to the mean of the reported blood pressure values may weaken the observed associations of dietary and other variables with blood pressure changes. The validity of blood pressure values and diagnosis of hypertension in this study is supported by the results of a subsample study that confirm established associations of age and relative weight with incidence of hypertension and blood pressure levels and in particular by the strong association of blood pressure levels with risk of future cardiovascular disease. Furthermore, detection bias is unlikely to explain the observed associations, because these findings were not weakened by restriction of the analyses to men who reported having had a physical examination between 1988 and 1990. Because diet was measured before diagnosis, it is reasonable to assume that associations were relatively unbiased with respect to hypertension status; in the event that knowledge of borderline hypertension might have caused men to change their diets, the direction of any change would have been more likely to obscure relations with nutrients than to create them. For these reasons, the strength of the observed associations probably represents an underestimation of the true effects of diet. Our results do not exclude a possible positive association between sodium intake and risk of hypertension, however, because some men may have reduced their sodium intake in response to high blood pressure values.
An inverse association between dietary fiber intake and blood pressure has been observed previously. In a prospective study of over 58,000 nurses28 using a similar validated measurement of nutrient intakes, the relative risk for developing hypertension in women was 0.76 for fiber intake >25 g/day compared with intake <10 g/day (p=0.002). The association was weakened after adjustment for intakes of calcium, magnesium, and potassium but still compatible with a protective effect (95% confidence interval, 0.71-1.05). Other cross-sectional retrospective studies have reported inverse associations of blood pressure with dietary fiber. 40 43 Also, a blood pressure-reducing effect of an increased fiber intake has been observed in a nonrandomized intervention study.29 A significant treatment-related reduction in blood pressure (-11 mm Hg systolic, p =0.02, andmm Hg diastolic, p=0.04) was obtained in a randomized double-blind study comparing tablets providing 7 g/day of fiber from grain, citrus fruit, and vegetables with a placebo.44 Other randomized trials, however, did not show an effect of fiber on blood pressure in healthy normotensive volunteers,45-47 hypercholesterolemic subjects,48 or overweight individuals who received fiber tablets as a supplement to a weight-reducing diet.52,53 Specific fiber components used as supplements in these trials included soy cotyledon fiber, wheat, rice, or oat fiber, guar gum, and instant oats; baseline fiber intake ranged from 13 to 19.8 g/day among the six trials in which it was reported.
Overall results from dietary trials do not support a blood pressure-reducing effect of short-term dietary fiber supplementation. The combined evidence from observational and experimental studies could be explained if fiber intake affects blood pressure either only after prolonged administration or only in subjects with a lower baseline intake than that of subjects recruited in clinical trials. Alternatively, some other dietary component highly correlated with fiber or possibly a specific fiber type may have a blood pressure-lowering action. The finding of an inverse association of intake of fruit and fruit fiber but not of cereal and vegetable intakes with blood pressure in this and in a previous study42 suggests that some other fruit component may lower blood pressure.
The lack of an independent association of calcium intake with blood pressure in this large cohort of men is consistent with the results of most randomized trials.26'54'55 It appears from our results, however, that leanness may be a predictor of response to calcium supplementation in subjects who have a low baseline calcium intake. A dependency of the association between calcium intake and blood pressure on relative weight was observed also among women28 and, if confirmed, might explain -together with the nonlinearity of the association of calcium with blood pressurethe conflicting results obtained in previous observational and experimental studies.26 '27 The highly significant inverse association of magnesium with both systolic and diastolic pressures in crosssectional analysis was independent of fiber intake. A low magnesium intake was found to be the dietary factor more strongly associated with high blood pressure in the analyses of data from the Honolulu Heart Study40 and from the Nurses' Health Study.28 However, magnesium supplementation trials have yielded conflicting results.56'57 These studies, because of small size or short duration, were unlikely to detect a short-term modest effect or a long-term inhibition of magnesium intake on the rise of blood pressure. Also, it has been suggested that there are subgroups of responders that may benefit from magnesium supplementation. 58 The results of our study strengthen the evidence that diet has an independent effect on blood pressure. Such effect is small compared with that of obesity but not irrelevant. In our study population, assuming that the relative risks estimated represent causal associations, a reduction of Quetelet's index to <23 in all men would prevent 46.7% of cases of hypertension, reduction of alcohol intake to less than 30 g/day (2 drinks per day) would prevent 3.8% of cases, and an increase of dietary fiber intake to 24 g/day or more would prevent 11.1% of cases. A greater effect of fiber would be estimated by correcting for error in measuring fiber intake. On the other hand, if the association between fiber intake and hypertension were to be explained by some not yet identified dietary component, such component should necessarily have a stronger effect on blood pressure than fiber and therefore be a potential candidate for intervention. Finally, despite their relatively small effect, dietary changes may be the most effective blood pressure-lowering intervention for those individuals who are lean and are not heavy drinkers.
